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The attcnuation measured at one point of s radio path is mot wially represemtative of the attenustion
of the path wken 23 8 whole. The relationship between point rain rale sticauation is a complex
function of rain gauge imcgration time and probability of rin cell size and occwrrence. Lin {21)
23] suggens that if the point rain raee R is meazured with 5-minuie inegration time, v is given
by

= L'/ L'+L}
Lim) = pahlongth

= 2636/{R-62)
R(mm/hr) <10

Crane {7] suggens a slightly more complicated model. Lia's mode) yields 8 v facior less than
catq.iitginqﬂl‘iiaitﬁivni&u;_
yiclds a v facior lcss than unity for high raics snd greater than weity for Jow rain rates. This

higher clsewhere. High rin rates, however, indicate that the obscrvation poist is near the centes of
maximem rain imeasity. Either Lin's or Crane’s result is reasonabic for the high rain rates that
domningte short high froquency path desiga. Lin's roquires the use of a 5 -minwie rain rate; Crane's

uses a |-minute rate. Lin, Bergman, and Pursicy’s results in Fig. 16 can be used 10 convert between
Tain rates.

The previous caiculations have assumed a point rein rate R which will not be excceded more than a
pescent of the time. The actusl rain  Tate ot any instant is quite crvatic. Long-term main rate data
gathered from a single rain gauge requires a very loag time base (several years) o yield siable
siatistics. N the time base is not sufficicntly long. the short-term resulis tead 10 underestimate (or
occasionally overestimate) e long tesw, largs sample average. Duta taken over a period of less
than 10 years [7] is generally unseliabie for moderste rain rates. lacidence of high rain rates o 2
single point is 30 low that 8 much longer me bese (a few decades) is soquired 10 obisin siable

statissics [12]). Fig. 17, based on Lin's 20 years of United Stascs data (23], shows the range of :

cain rates for varions clties. Crane (7] gives estimated rain rases for vasiows locations of the world,

The grocediag rain rase date is based on distributions measwred over one or two decades. The rain
rates obtained from this deta represent the rases thet would have been measured if the radio path

(

had been opersting over the previous long time pesiod. Exactly the same data will probably aot be
obtained if measuremems arc made over the next couple of decades. Howeves, this data represemts
the best estimate of the rain resc which would wot be exceeded over any | year. The actual rain
i messured over any one specific year will be differest then the average value. Average valucs
should not be confused with worst-case values. Osborae [28] observed thet the worsi-case |-yesr
7in rates can excecd long-term aversges by 2.5 10 10 times. Worst-case month or hows raes can

exceed long-term  averages by extremely large faciors. Enginecting paths based on  worst-case
statistics lead 10 very uncconomical radio sysems. As Osbore [28] observed, ot the presess e |
there is no definitive provea solution 10 this probless. There is no practical method 10 Hmlt the
worst-case outage time for radio paths with loss dominatod by rain aticasation.

should be noted that it is the rainfall rate that determines culage time, not the total annual amoune
of water that falis. The northwest coast of the United States is a primary example of 8 very wet
region where there are virtually no rain-relased path owtages. Lasge-scale climasological facsors
28] which seem to bear some relation 0 b igh rain rates sre number of thundersionms, lae
sunmer humidity, and 1tal July precipitation. These are probebly related becanse most of the rain
rates large enough 0 cause an outage are due 10 thunderstorms. Texrala should also be considered
since rough tesrain and mountains contribuie 10 the formation of thundersiomnms. In mownalnous

regions, precipisation teads 10 increase with altitude. When moist winds are lifved by & mountain
chain, the windward slope tends o have heavier precipitation than the jee side. One side of o hill
exposed w0 prevailing winds may have very heavy rainfall while arcas on the other side may be
Quite dry.

In addition 10 losses in the path, rain on antcana radomes and passive reflecior swifaces can
incresse losses st higher frequencies. Blevis [4] desived the loss of a thin shoet of waser. He thea
relased hemispherical redome dimensions %0 water thickness based on raie .’P-—no’l«l_!
a thickness of 0.010 inch of water would be produced by 50 mmy/hw of rain on a redome of 2.

foot radius or 12.5 mm/ir on a radome of 10-foot radius. This waser layer would produce »u.._u
loss st 3.7 GHz and 8.7-dB loss st 16 GHz. Lin [21] also reporsed experimenial resules. At 12
GHz, the loss of 8 10-foot diameser, 10-year old conical radome varied from 2.5 dB for 8 light

waier sprinkie 0 70 dB for a heavy sprinkie. At 20 GHz with & 10-mmfe  water Taie, & new
radome caused sbout 2.5-dB loss while & month old radome caused 8-dB loss. Weathering of the

radome caused it 10 hold more water than the new radome. Hogg {1 n_gslslfng
rain, cach antcana radome would cause 3- t0 6-dB anecnustion st 11 GHz and 4
sticnuation st 20 GHz. The varistion was a -gigiiiiﬁg



Amnoepheric multipath fading is relaively indepeadent of path clearance. The fading becomes
more froquent, faster, and decper a3 distance or frequency is .luulo.._e_agﬂ
disence is increased, the statistics of the received signal approach the distribution of Rayleigh.
Afet the mukipath fading has seached the Rayloigh diswibwtion, further incresse in cither distance
or feequency increases the number of fades 10 a given dopth but decveascs the duration 30 that the
product is csseatially constant (4).

i & received signal eavelope vokage, V, at as instant of time has & Rayleigh distribution (as

measused over a long period of time), the probability, p, that it has 2 value less than or equal o L
is givea by
pvsLy =)L

v = instantancous reccived signal power relative 0 unfaded power
L2 = specific faded power ievel selstive 10 unfaded power

The instantancous fade depsh in dB is - 20 log(v) = - 10log (v2). The specific fade depth in dB is
- 20 log(L) = - 10 log (L2). For L smaller than 0.1 (fade grester than 20 dB)

plval) =12

i.t-gggsgnil;zi& by Barmett's figure 8 (1), ¢
should be limited 10 the nge 0.01 w0 0 indicating full Raylcigh fading). Lin's results [22)
indicate fading is giigg-ﬂ}lﬁ a relatively constamt imerfering
reflection (such as over waier paths). Fading is geacrally much better than Rayleigh for relatively
short pashs. Bamest {1] suggests 1 is given by

=250x106crD3

and dircction, and raia rate. At 11 GHz, sl path loss duc 10 iwo wet radomacs is  sometimes
estimaied a1 4 dB {21} {28) for path design purposes.

ATMOSPHERIC MULTIPATH FADING

_ Multipath fading geacrally takes onc of two forma. The first, stmospheric mulsipesh, is coused by
 the roceived signal being composed of scveral sigaals arriving st the receive site by slightly

different puths from the wransmities. The different wransmission pachs are cansed by slight timee and
space dependent variations ia the atmospheric refractive index. This phenomenon is the same ong
that causes siars o twinkie at night. Siace the relative time delay of the various received sigaals
will change 23 the atmosphere vasies randomly, the composite received signal will vary widely and
rapidly. This fading will be worse if obstruction (carth bulge) or reflective fading has already
reduced the level of the dominant received signal. Figure 19 shows typical received sigaal
varistion during multipath fading.

fraction of 1 foot 10 7 feet with 3 feet being the most common. Kaylor [14]) made scversl
obscrvations oa a typical 31-mile, 4-GHz path with 0 significant ground seflections. He
observed that doop mullipath fedes (greaser than 20 4B relstive 10 novwal propagation conditions)
slways showed definite frequency sclectivity (grost loss only occumred over s relatively namow :
frequency range). The decp fading was caused by at least four 10 six differess component rays.

The amplisude of the short path signals was larger than longer path ‘._a..!.ie:lttl
peisnarily a function of long path sigaal smplitude. Deep fading was largely uncorrelated for
frequencies scparted by more than 160 Mz (4 percent separation) but was highly correlated for

glﬁ!!—#ﬁvﬂﬂ! eq.rog fade wosch. Decp fading usually oocurred with
a wide frequeacy loss of at least 10 dB (for deep fades of 30 10 40 dB, broadband losscs were
typically 10 10 20 dB).

Most multipsth fading occurs between midaight and 9:00 am (1] during the summer and early (all

{6]. Frequeacy diversity helps reduce decp fading but has no effect on shallow fades. The space

cosrciation of fading sigaals is large in the horizontal planc. However, it is small in the venical

plane under scvere fading conditions. Therefore, vertically spaced (transmit or receive) space
diversity anicanas can be used 10 reduce fading. Space diversity is as good or betier than
frequeacy diversity for muliipath or reflective fading (33] and sometimes bener for long, slow
fades due 10 defocusing and  ducting [35).



(

for {, e operating frequency in GHz, and D, the path leagth in miles. For D in kilometers

= 600x K07 cfDI

The ¢ facsor is a function of path locstion. For good paths, ¢ is 0.25; for average paths, 1.0; and
for bad paths, 4.0. some sources have expanded the range of ¢ 10 0.1 10 10. A good path would
gescrally occur in an area characierized by dry clienate, hilly or mountainous country with rough
;ggiga’lﬁiflﬂgﬂilﬂ_«:g-
one-half degree. Average paths would be hilly or fiat country (not marsh or salt flats) with
occasionsl calm westher or astmospheric suratification; cosstal areas with moderate 10 low
temperatures (not Gulf Coast or over water); or hot, tropical regions with sieep launch sngles. Bad
peths would have low launch angles over flat ground or in warm coastel regions or wropical
regions, humid arcas where ground mist forms, wet or swampy torrain (cg, irvigased fields),
conditions favorable for atmospheric sratification (cg. broad protected river valleys, moors), or
over waler (¢g. inland lakes, sea). Vigants [33] suggested thet ¢ could be modified 10 account for
serrain roughncss by making

c = 0.5(w30)!3 for good paihs
= 1.0 (w/30) 13 for average paths
= 2.0 (w/350y 13 for bad paths
whese w is a pash roughness factos in rms averaged feet. This factor is introduced to quantify the
chscrvation thal peths over rough terrain fade less than paths over smooth. Presumably this

happens becanse siable aamospheric layering is less likely 50 occur over rough termain. uiaue
shows the calculated and observed received signal level statistics of a 30 mile path in the Dallas

area.
REFLECTION (FRESNEL ZONE) FADING

The second form of multipath fading is reflective fading (sometimes called Fresacel zone fading).
This fading, like thet cansed by atsmospheric multipath, is due 30 the reccption of several signals
from seversl different paths. The concept is exactly the same usod in opeics. Indirect signals amive

(

due 10 reflections from the ground, water, neasby objects, or siable atmospheric layers. Unlike
stmozpheric multipath, fading duc 10 these reflective signals is relatively slow-changing since the
i‘f’gg_qtfrtsgggtli
and a single reflected signal, the composite signal will be a minimum when the reflected signal is
reflecied from an obstacie an cven Fresnel zome radius from the main path. The composite signal
will be a maximum if the radius is odd.  Generally, reflective fading is not & probiem for paths
over heavily wooded servain or for paths 30 far above the reflecting surfaces that the iransmit and
receive patterns discriminate against reflections. Flat paths can have reflections. Paths over waser
or salt flats almost always have reflections. Reflections can be reduced by blocking the reflection

(using screen or high-low path design), tilting the antenna , or using spaced antcanss. Kk is
COMMMON 10 use Two receive anteanas (space diversity) 0 combat the effect of muliipmh. Another
method is %0 seduce antcane height at one end of the poth while raising it at the other end 10 block
the reflection or move it 10 a location less likely 10 be reflective (high-low path design). This
tochnique makes one site elcvated 50 as 10 provide the required clearance; the other site is locaed
ncar grownd level. The reflection point can be placed st 8 selected location by slight changes in the
lower smicana height and geographical location. Even if the path is reflective, this techaique
reduces the difference between the direct and reflected paths when comnpared 10 midpath reflection.

OBSTRUCTION (DIFFRACTION) FADING

Radio waves sormally wave! eltl._-_ﬂ-;-_....ﬂaal.rn 8.-8. except when devissed

is calied diffraction. Whencver radio waves eacounter an obsiructing object, some of the energy
of the wave is diffracied at the edges of the object and becomes bemt arownd the odge. This is o
direct result of Huygens' principle of secondasy radiastion. This reduces the shadowing effect of
objects which are opague 10 radio waves. Dilfraction fills part of the shadow area with some
cncrgy from the wave. The curved surface of the eanth is the odge of onc such object. Other
objects may be buildings, trees, hills, or mounaias, or structural parts of a ship or sirplenc. If the
obstructing object is small snd subtends only & small angle, as seen from the sowrce of radistion,
the region ot o considerable distance behind the object may become filled in and suffer listle or no

shadowing effect. Close behind the object, however, shadowing will be observed. Shadowing
due 10 the carth causes the field streagth 0 decrease rapidly with distaace beyond the radio
horizon. In general, an exact determination of signal strength for various path clearances is
difficult. The obstruction loss generatly falls somewhere between the knife-edge diffraction and
flat-sheet reflection cases shown in Fig. |



The first Fresael 20ne radivs Fl at any poing on the radio path is given by the following:

F) = firm Fresac) 2one radine

= distance from onc end of path 10 seflection poist
dl = disance from other cad of path 10 reflection poiat
do = wtal leagth of path

= dl +4d2

= frequency of operation

For fieet, do, d1, and d2 in miles and f in GHz:
=7

3(d142/fdo)l2

canth's sweface are gencrally supporied by a subsefractive (positive) !.lnnlena-gﬁ.lo
This type of fading can persist for several howrs 10 depths of 20 or 30 dB. The fading is
cssemtially independent of small scale changes of frequency, but may be reduced or avoided by a

proper choice of ierminal anicana heighns.

100

In moustainous wesmaia where scrminals are located on dominating ridges or peaks, 8 single Fresacl
z2one clearance, or evea less, will usually be sufficient 10 avoid this efiece. If caly a limited range
of refractive index gradients is encounsered, a fiest Fresne! zome cleanance, or less, is sufficient.
For those microwave paths where subrefraciive index gradieats are escoustered, increased
clearances are required. Diffraction (ading in the sense used carlior may aleo occur when & swoag

super-refractive layer is positioned slightly below the terminal amcanas. The severity of this type
of fading will be reduced somewhat by \errain refleciions or conwributions from subrefractive
layers positioned below the diffracting layer which can direct encrgy back sowasd the receiver.

These contributions are & function of the gradieats within and below the diffracting layer sad also

of the terrain poughnets.

ggg:&ﬂ&ir-ﬁg% reduce obstruction fading %0 an
insignificant effect. CCIR [13] suggests the following guidclines for line-of-sight radio paths

(where Fl is the first Fresnel aone radius):

.........



= effective carth radius factor
For h ia foct and d1 and d2 in miles
(a1 42) /(130 K)
For hin meters and di and d2 in kilometers
{d1 d2}/112.74 K}
To adjust for ray curvature, subtract the above h value from the height of the ray above a flat eath
ttttttt height of the canh below a sraight ray.
wsususlly scverc propagation areas (such as southern United States coastal areas) path lengths

Goaed propegation aress are regions with low humidity and/or lemperatures and si -!..:H!
surbuleace (eg, mounsinous regions). Mouniainous arcas such as the Alps, Aades, Atlas,
Himslayss, and Rockics are good cxamples. Average propagation areas include most of
contincatal Ewsope and North America and most tropical and cold maritime countries. Difficuit
wrbulence is not prevalent (layering is prevalent). la the United States, this includes the south
castern coastal region (Texas through Novth Caroling), igltssn

region. Most subtrapical and warm maritime countries fall im0 this category. Very difficul
propagation conditions are ususlly associated with high humidity and g-ln—l_tai«!.
scvere, exicnsive stmosphere layering. Tropical cosstal arcas and most desent regions ase in this
Caacgory.

POWER FADING

Power fading due 10 antcana decoupliag sefers 10 the loss of si gnal that occurs for ransmission
and reception of the signal outside of, or at the extvemitics of, the maia lobe of the antenna paticra.
Varistion of atmospheric refraction can cause changes in the spparent angle-of-arvival of the line-
of-sight ruy, particulaly in the venical plane, and can thercfore effectively cause a reduction in
gain in the sntcanes wsod & the radio path ierminals. Measurements made in the United Siumes
over 8 path of 28 hulomesers, st frequencies of 4 end 24 GHa, show thet the angle-of- arival can
change rapidly by as much as 073 degree sbove and below the sormal line of sight. Another
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source observed 0.5 degree of angle-of -armival varistion on & 39 kilomeser path. Vasiations in the
ventical angle-of-arrival of up 10 one-half degree have been observed on & 40-kilometer pash. This
effect is proportional 10 the path length and can inroduce several decibels of logs for high gein
ameanas  and long linc-of- -!}Uoﬂinﬁlnﬁagg angle- of-asival,

anteanss having half-power beam widths less than 0. .S degree should geserally be avoided for
ine-ol-sigit pathe. This limitation can be used as onc criserion 10 desermine maximum apersure
size for amennas and the maximum vertical dimension for passive repesters. This loss may be
minimized by specifying & sufficiently broad astcana beam 20 that the expecied vasistions of the
angle of arrival arc metched or exceeded.

eeeeeee NG

Refraction (beading) of a radio wave occurs whea the wave spoed on  one side of the beam is
reduced below that oa the other. The beading is in the direction of the reduced speed, and its
degree is directly proportional 10 the amount of speed reduction with disiance (ie, the gradiemt of
wave speed) normal 10 the beam axis. Since refractivity N is & ratio of wave spoeds, it follows tha
the gradient of refvaction sormal 10 the radio wave axis indicates the direction and sswount of the
resuliast radio refraction. gr-gil«}l 00t of discrese values of N

Significant gradients of N in the stmosphere sormally occur oaly e !oc!!ﬂ..ll!.ll.
Gﬂiﬂgﬂgﬁ.fﬁiﬂg?gigi&;
Positive N-gradieats cause subrefraction (ic, upward beading of a radio wave), aad negative N

gradients cause supervefraction (ic, bending dowaward toward ..ng-..ln.x:s canth's
surface). Bxtreme superrefraction is called ducting or  wrapping, since it resulis in the wave
following a path which approximases the cwrvature of the carth . Geadiests of N averaged over a
world wide basis are shown in Fig. 15. This figure also related N gradiem w0 K facior. Gradiests

of N, which result in gradients of wave speed and refraction of & radio beam, are in turm the results
of characeeristics of the asnosphere. The significant stmospheric propestics in this respect are water
vapor coment and density. Of these, water vapor conuent is, in gencral, the most important.

Whenever s horizontal Jayer of air has its sormal propertics alicred 30 that the refractive index

decreases rapidly with increase in height, strong downward beading of any nearly horizomal rays
traversing the uﬂlﬁSﬂl.-vo ..!!lna..lo.o rays often exceeds the curvamure of she

layer of sormal sir. Prolonged fading, or signal eahancement, can result from propagasion theough



%0 be equal 10 or more negative than -167 N
lvn;:to.aloliian-%unﬂﬂlii .:.088..._ necessary
condition is that the gradient must be maintained over s !nlo-it-ﬁggmﬂg
100 %0 30 feet thick, wrapping will occur for frequencies between 2 and 13 GHz respectively. Of
course, this cuofY relstionship is only appronimate since ducts have vague bounderies.

Bocanse the eaergy within the duct spreads with distance in the horizontal bt is constrained in the
wersical disection, it is possible in priaciple sthas the fickd sweagsh within a duct may be greater than
the free-space ficld streagth for the same distance. The wansmission power loss might be
expected 10 be proporsional 1o the distance d, instead of following the froe space d2 law (power
rlr.:lnsu&_er-_s_i!lluot-t_vr!nﬁ(t;!ﬂ:i

considersbly as a function of time as the duct characweristics change. This type of fading

mochaniom is the likely sousce of many 30 called spece wave fadeowts. The fading is not pencrally
- sensitive 10 small changes of frequency or of spatial position of the amennas and cannot be
remedied by commonly used diversity tochniques. : :

Coeound-based ducts may be formed by an wausually rapid decrease of waler vapor with height, or

an increase in teanperature with height, or both cffects together. Two causes associated with the
sea or lasge  areus of wates are evaporation and advecsion. Evaporation of water vapor from the
surface of the 50a may cousc a aone of high hemidity (ic, high refractive index) below a region of
drier sir. Such ducts sre particularly tikely %0 occur in the aficrnoon due 0 prolonged solsr
heating. The duct thickness is typically 1S m. Over wropical scas, the high humidity existing near
the swface produccs almost pormancat ducts thet may costaln & chenge of some 40 N-wnits.
Advection, the movesment of one ais type over sncther, may casse hot dry air (from the land) 10 be

blowa over cold wet alr, producing & reglon of low refractive index abowt a region of high
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refractive index. This is most marked at evening with the onset of a land breeze. The duct
thickncss is typically 25 mesers. Such a duct may also form when warm dry sir is blown over cold
ground. Radiation cooling may aiso produce tempersiure gradicnts which cause ground based
ducting. This occurs when the ground cools st night due 10 the absence of clowd cover. Air mext

%0 the ground becomes colder than that higher up, and the process continues as the ground
continues cooling. The duct becomes thicker as the night continues. This phenomenon is falily

commonplace in desert and tropical climates.

There is no comprehensive data availabie 10 permit calculation of duct fading statistics for a
pasticular path. k is generally unwise (0 exwrapolate fading statistics for one area 10 apply 10 some
other put of the world. Fading is relased 10 local couditions and refractive index.

A scvere form of i!&&‘!ﬁgggi blackowt fading [17]). Low
complese loss of signal for periods of up 10 24 hours due 0 the blackowt phemomenon. The fades
are sudden, catastrophic, snd nonselective (akhough widely spaced antcanas are sometimes
effective). A rising ssmospheric layer (usually not visible, but sometimes associased with visible
sicam fog formed over warm weter of moist ground) may iseercept and wap the path. The failure is
occasionally preceded by reflection fades (refiection path from the layer) and an obstruction fade.

CONCLUSION

For the last few pages the noscquipment reinted system design considerations have been

carclul path design. No single asticle can begin 10 treat the topics adequately. However, the
vasions topics are purswed in considerable detail in [16]. The insent of this artcle is 10 acquaint the
reader with the most significant sysiem desiga topics.



( ; (

For sreas of difficuk propagation conditions, in addition 10 the sbove clearance criteria. add the
following

For 2-GHz paths longer than 8 km (36 miles), allow obstruction clearance of 0.60 F for K

White cbeerves that clearance cvalustions shouwld be cartied out along the eatire paih, not just the
cemes. Ofien, one criterion is controlling for obstacles near the cemter of the path and another is
controlling near the end. Near the path ends, the Fresael zone radius and carth bulge are
negligible. However, it is good practice 10 maintaia & miniewem obstacie clearance of 15 10 20 feet
The heavy-route criteria are conservative guidelines and ofien result in clcarance heighus required
only in the more difficelt propagation sreas. Even these criteria, however, are aot adequate to

protect againgt fading due o g%b&lgg blackowt fading is expecied,
150 feet of clearance above the carth st all path points for K = | should be imposed.

Vigants {33] of Americen Telephone and Telegraph (Bell System) and other Bell sources suggest
the following guidelines:

For good propagation arcas, allow obstruction clearsnce of

SSSSSSSSS
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0.00 F (grazing) for K = 12

For very difficult propagation areas, allow obswuction clearance of

0.00 F1 (grazing) for K = §/12
The preceding guidelines apply 10 the normal or main anteanas. If space diversity is used, the
criterion for diversity antenna clesrance is less stringent.
For the diversity antenna path, allow obstruction clearance of

0.60 R for K = 4/3 with st least 10 feet in the first 300 feet from the

antcana.
This usually permits placement of the diversity antcana st an  appropristc level below the main
antenna. If the path terrain is nosweflective, multipath fading improvement is achicved by placing
the diversity amtenna st least 200 wavelengths below (or sbove) the main antenna.
To analyze a microwave path for conformance 10 the above guidelines, the profile of the earth
along the transmission path is ploted on reciangular graph paper. The microwave beam is then
shown a3 a straighu line betwoen the two poimts. This represents the radio or ligiu ray for K of
infinity. An b value is then subwacsed from the ray heigin 10 show beam bending due 0 various
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interfered System %%lﬂ% Latitude: degress, minutes, seconds, norh of south.
TR Channel ORI 378 2210 L1z mam Longitude: degress, minutes, seconds, east or west.
mﬁn.liimc‘m! ”w."w nu.“.» Site elevaiion (melers or fesl) above mean sea lsvel.
gﬂn_si__ggt 63-84 73-96 goltrt.iﬂt.g*i include data for both main
5400 Channel SSB 54-90 - and diversity antennas i appropriate.
a»m::ozumos._oo 66-68 5468 aw.g 6. Antenna description (manuiacturer, type number (g, UHX-10), type (eg, shwouded
prd vt i : L parabolic), feed type (eg, dual polarization hom), aperture diameer (eg, 10 fest) for
90 Mivsec 8 PSK 65 7 main and diversity anlennas.
90 Mu/sec 16 QAM 65 7 7. Antenna discrimination curves for both copolarization and orthogonal polarization
90 Mb/sec 64 OAM - -
135 Mi/sec 16 QAM . 5 (cross-polarized) signals.
135 Miv/sec 64 QAM 72 81 Passive repeater size and type (eg. 10 feet feet, single bilthoard) and

manutacturer and type number
9. Equipment ranamitier power and transmission line loss (or waveguide type and length)

sble 3 Typical Radio Carrier 10 interiesence Objectives (Adiacent Channel interterence of transmiier power deliverad 0 the Wranemit antenna

11. Transmitter frequency in MHz 10 nearest kHz (eg, 5945.200 MH2
. Transmitter frequency siability (eg, 0.005 pesrcent).
TA Objecive (8] 13. Teafic type (video, telephony, data) and specific loading. ¥ video, specily 525-ine or
interfered System %—-ﬂ. 625-Ine, NTSC, SECAM, or PAL. ¥ FOM telephony, indicate number of channels
Jﬂmlaﬂ%%d%% (0. 1800) and mulipiexing plan (eg, CCITT Plan 2, 15 SGA). ¥ daia indicate bit rate
g###%% ia.gcasggs.-gg 22-.58;;3‘3;!
1800 Channel FOM-FM 57-77 35-54 uwww »»W% W& emission mask.
2400 Channe) FOM-FM 63-78 - - . Receiver interference susceptibilty curves relating C/1 fo periormance degradation for
2700 Channel FOM-FM - - 58-80 - - .
5400 Chennel FDM-SSB $0-90 . R 20-51 . various cochannel and adjacent interfering signals
525 Line NTSC Video 35-57 22-35 20-52 20 20
45 Mbvsec 8 PSK - 25-58 20-75 - 20-45
45 Mb/sec 186 QAM - 5 20-59 - 20
90 Mbvsec 8 PSK 60-7 - 60-75 23-66 20-34
90 Mbv/aec 16 OAM 53-¢ - 30-67 20-44 20-33
90 Mb/sec 64 QAM - - - -
Mb/sec 16 GAM - 75 - 45
135 Mb/sec 64 QAM 87-6 75 20-45 20-40
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Table 5 Typicel Copper Corrugsied ENiplical Waveguide Loss
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Tabie 6 Typical Copper Circular Waveguide Loss

Frequency (GHZ)  [Waveguide Type Loss
JdB/100 m dB/100 &
40 /- ‘Ei ! . .41
4.7 WC-281/-269 1.0 0.320.35
59 WC-201/289 0.910.989 0.20/0.20
6.2 WC-201/-200/-205 [0.910.90/1.6 0.20/0.300.50
(X ] WC-281/-200/-168 ]0.000097/2.5 0.270.300.7¢
7.4 WC-201/-168 0.002.3 0.270.70
8.0 WC-201/-168 0.0072.1 0.270.65
[ 8] WC-281/-168 0.8972.1 0.270.64
[ X ) wWC-201/-168 0.09/2.1 0.270 .84
106 WC-281/-166/-109 0.91/1.944.5 0.2000.57/1.4
1.2 WC-201/-100/-100 10.92/1.9/4.3 0.200.571.3
125 WC-281/-108 095/4.2 0.2011.30
Table 7 Rain Anenustion Coelicients
F F
‘OOTOBQ a b GHz) a b
K X . 1 0.0167 7187
1.5 0.00008756 0.972 12 0.0233 1.142
20 0.000115 1.007 1 0.0459 1.076
28 0.000173 1.049 20 0.0859 1.044
3.0 0.000239 1.098 25 0.143 1.007
as 0.000311 1.151 30 0.228 0.95%
40 0.000378 1.219 s 0.337 0.904
80 0.000515 1.377 40 0.452 0.084
80 0.00108 1.9 S0 0.648 0.01S
70 0.00204 1.300 60 0.7756 0.794
8.0 0.00378 1.342 70 0.850 0.785
{ X J 0.00874 1.288 [ ) 0.902 0.780
10 0.0111 1.229 100 0.958 0.774
Table 8§ Reiative Rain Allenustion for Verticel and Horizontal Signals
[ R
_gig ¥ 728 — %’ 150 180 |
(L J | T JBm e ) e ma |
13 " 13 1$ 18 18 19
0.1 12 14 16 10 19 20
193 " 14 16 19 F4] 22
30 12 12 12 12 12 12
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Figure 14 Obstruction Gain
Figure 1S Nowrain Atmespheric Transmissien Loss
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Figure 17 Long Term Rain Rates Distributions for Various Cities
Figure 16 Averaged Rain Rates for the New York Area
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Frequency Planning Concepts



